Mallinson's idea [1] that some spin textures in planar magnetic structures could produce an enhancement of the magnetic flux on one side of the plane at the expense of the other gave rise to permanent magnet configurations known as Halbach[2] magnet arrays. Applications range from wiggler magnets in particle accelerators and free electron lasers [3], to motors [4], to magnetic levitation trains [5], but exploiting Halbach arrays in micro-or nanoscale spintronics devices requires solving the problem of fabrication and field metrology below 100 µm size [6]. In this work we show that a Halbach configuration of moments can be obtained over areas as small as 1 × 1 µm 2 in sputtered thin films with Néel-type domain walls of unique domain wall chirality, and we measure their stray field at a controlled probe-sample distance of 12.0 ± 0.5 nm. Because here chirality is determined by the interfacial Dyzaloshinkii-Moriya interaction [7] the field attenuation and amplification is an intrinsic property of this film, allowing for flexibility of design based on an appropriate definition of magnetic domains. 100 nm-wide skyrmions illustrate the smallest kind of such structures, for which our measurement of stray magnetic fields and mapping of the spin structure shows they funnel the field toward one specific side of the film given by the sign of the Dyzaloshinkii-Moriya interaction parameter D.
illustrates the remarkable property of Halbach magnet arrays of channeling the magnetic flux such that it largely emerges out of a defined side of the structure (the top side, in this instance). Such characteristics provide devices with a strong static magnetic field at room temperature. The arrangement of sources of magnetic field in the Halbach array and in thin-film spin textures comprising through-thickness perpendicular-magnetization domains with Néel-type walls (Figure 1b) has similar characteristics. Analogous to the former case, magnetic charges through the film thickness flank the domains with up/down magnetization, in this case arising from a non-vanishing magnetization divergence in the Néel wall.
Importantly, though the domains' surface charges on top and bottom sides of the structure differ in sign, the volume charges of a given wall have the same sign through-thickness, leading to the asymmetric disposition of field sources necessary for the field enhancement or attenuation. A cursory inspection of the arrows indicating the direction of rotation of the magnetic moments across a wall in Figure 1b reveals the connection between a well-defined chirality of the Néel wall magnetization and the topology of magnetic charges characterizing a Halbach array. Neither Néel walls nor walls with unique chirality throughout the film are a priori given in thin films with perpendicular magnetization, but a sufficiently strong Dzyaloshinskii-Moriya (DM) interaction in thin film interfaces [7] can stabilize both, determining the preponderance of Néel walls over Bloch walls, and removing the degeneracy of their chirality [7] [8] [9] [10] [12] , and Ta/Co/TaOx [13] . We focus on an Ir/Co/Pt system [7] and measure the stray fields of different domain configurations to show that it is possible to obtain a local enhancement or attenuation of the magnetic field at the scale of few 100 nm, and control it with the sign of the DM interaction.
To quantify the stray fields of the Halbach structures in application-relevant conditions (industry-standard sputtered, oxidation-protected thin film systems) is challenging at high resolution, of the order of 10 nm. High resolution magnetic force microscopy (MFM) turns out to be convenient for various reasons and we use it here. Briefly, with the appropriate tip calibration MFM is quantitative [14] , and can measure all stray field components emanating from a magnetic sample. This is possible also when the sample is an oxidation-capped thin film on a substrate, for a wide range of stray fields, and in external fields applied to select the desired micromagnetic state. Importantly also, the distance between probe and sample can be measured and controlled [15] [16] [17] to within 1 nm, an ability without which highly precise Provided their stability was warranted, smaller sized structures featuring Halbach-like attenuation/enhancement of the stray field could find application in devices of dimensions ranging down to few tens of nm [23] . A prototypical structure in this case is the magnetic skyrmion [24] . On account of having the same topology as a chiral bubble domain [25] we can expect different field amplitudes on either side of the film also in this case. In first instance the difference would be revealed in the frequency shift (δf ) that our MFM registered for such objects. To quantify it we simulate skyrmions in our multilayer and utilize the tip calibration function to obtain corresponding frequency shift (δf ) patterns for our specific Because an amplified field produced on one side of the structure would be attenuated on the other, and it could be integrated into other thin film structures, it constitutes a tool for densely packing fields for spintronics devices. MFM. For the microscopic characterization we used a room temperature magnetic force microscope operated in vacuum (10 −6 mbar) using the first flexural mode of the cantilever. The probes are 0.7 N/m type-SS-ISC cantilevers (tip radius smaller than 5 nm) from team Nanotec GmbH coated in-house. We measure at 12.0±0.5 nm from the sample surface by actively controlling the tip sample distance capacitively using the second cantilever flexural oscillation mode [16] . For the tip calibration with which to render the measurements quantitative we employ the method outlined by van Schendel et al. [14] which relies on known patterns of magnetization. We utilize domains from Pt(10nm)[Co(0.6)nm/Pt(1nm)]×5/Pt(3nm) obtained after demagnetization with an oscillatory in-plane field. The tip calibration function is optimized for 2601 measured domain patterns (see supporting material).
Simulation. For the data processing and imaging we use the qMFM Matlab analysis package ( http://qmfm.empa.ch). For modelling the skyrmions we numerically solved the Euler equation for the energy functional from Bogdanov and Hubert [24] modified to account for our multilayer stack geometry (Supplemental Material). 
